A detailed photochemical model of the upper stratosphere and mesosphere is compared with three extensive sets of ozone observations: Atmospheric Explorer-E backscattered ultraviolet experiment (BUV), Nimbus-4 BUV, and rocket flights from Wallops Flight Center (ROCOZ). The Nimbus-4 and rocket observations are most sensitive to ozone between 30 and 50 km, whereas observations from AE-E measure the abundance of ozone up to 70 km. The photochemical model accurately reproduces the observed relationship between B UV intensity and local solar zenith angle, although the absolute calibration on AE-E appears to be in error. The AE-E observations and the model both exhibit a morning-afternoon asymmetry, with more ozone in the morning owing to the build up of HOx species in the afternoon. Seasonal changes in atmospheric temperature produce an annual •aximum in tropical mesospheric ozone during June-July-August. The amplitude of the observed effect is somewhat larger than calculated by the model. Some problems appear to remain with the presently accepted kinetic rates for HOx species in the atmosphere.
A primary question which must be answered is whether these three data sets provide a consistent picture of ozone in the upper stratosphere and mesosphere.
The analysis of the complete set of data from Atmospheric Explorer-E (BUV) and a limited set of Nimbus-4 data [Heath et al., 1979 ] is presented in section 3, where differences be- A major goal of this research is the development of an objective photochemical model which, as accurately as possible, reproduces all aspects of the observed distribution of ozone. In section 4 the overall validity of this photochemical model is critically examined. The key uncertainties in the model are pointed out, and weaknesses or inconsistencies among the observational data for ozone are discussed.
PHOTOCHEMICAL MODEL
The photochemistry which controls the abundance of ozone in the upper stratosphere and mesosphere can be described by about 50 kinetic and photolytic reactions as given in Table 1 Because ( The rate constant for (R15) has been measured only at room temperature [Hack et al., 1978 [Hack et al., , 1979 , and thus the temperature dependence adopted here [Baulch et al., 1972] I 1111 I  I  I I I I III I  I  I I\l IIII  I  I  I I I I I   0+0   ß  H '•,  \  ODD- 
where P•, L• and V. q•, are the local production, local loss, and divergence of the flux for species i, respectively (cm -3 s-l). For short-lived species P and L will be much larger than Consequently, the calculations presented here assume that transport of radicals is negligible, and the flux divergence term in (1) is neglected for all species. The local production and loss terms in (1) involve products of concentrations of other chemical species. The coupled set of continuity equations is accordingly nonlinear. The inverse Euler technique is used to solve (implicitly) for species concentrations at each new time step. The mass of any closed system is conserved to 1 part in 10 lø. Time steps of the order of 1 hour are used to model the 24-hour day with finer temporal resolution near sunrise and sunset. Steady state conditions are achieved by an acceleration procedure which ensures that the net change in concentration of all species is zero after a 24-hour model day [Wofsy, 1978] .
c. Solar Radiation and BUVAlbedos
The radiation field is calculated at each time step during the model day for the true zenith angle of the sun. The model includes absorption by molecular oxygen and ozone as well as molecular scattering. The attenuation of the direct solar flux is calculated by integrating through the atmosphere in the direction of the sun. The calculation takes into account both sphericity and changes in local solar time along the path. Refraction is not included. This direct solar flux is the source function used to calculate the diffuse radiation in an inhomogeneous scattering atmosphere which is assumed to be plane parallel [Prather, 1974] . The method allows the calcu- 
The incident light is assumed to be unpolarized, and the scattered intensities of different polarization states have been combined. Only first-order scattering is included in (2). Higher-order scattering may be included rigorously [Prather, 1974] [Penndorf, 1957] 
where A is the wavelength (pm), Ns is the molecular density at 15øC (cm-3), and ns is the index of refraction for air at 15øC [Edlen, 1953] . Profiles of the trace gases CO, CH 4, H2, and the chemical families CI,, and NO,, were derived from Logan et al. [1978] and are given in Table 3 Photolysis of H20 at Lyman-alpha, the source of odd hydrogen above 65 km, is strongly peaked about local noon. The HOx concentrations maximize in the afternoon, and the ozone density is thus asymmetrical about noon. An increase in the concentration of mesospheric water depresses the mean concentration of ozone and causes the peak daytime concentration to occur earlier in the day. In this photochemical regime, odd oxygen will also be sensitive to changes in solar Lymanalpha. Such variations are known to occur [Hinteregger, 1979] The standard photochemical model (5 ppm H20) is described by Tables 1, 2, In Table 5 The models are described in Table 5 The photochemical lifetime of (O q-03) is less than 1 day between 40 and 80 km. Thus the response of ozone to changes in the composition and structure of the atmosphere will be rapid. Global monitoring of ozone in the upper stratosphere and mesosphere provides information not only on long-term trends in the concentration of ozone but also on rapid changes in the composition and structure of the upper atmosphere. To interpret the latter, we must increase our confidence in the photochemical modelling of ozone through continued in situ measurements of ozone by rocket and balloon.
Observations of ozone in the upper stratosphere and mesosphere on a global scale are best accomplished by satellite BUV observations at selected wavelengths between 2200 and 2950 •. The instrument should have a narrow field of view (1'ø-3 ø) and be placed in a circular orbit below 800 kin. The orbit must include timely coverage of the full range of local solar zenith angles at a given latitude. The geometric simplicity of nadir observations does not place stringent requirements on the pointing accuracy, makes the analysis of large data sets straightforward and also allows for rapid observations (1 s) of small-scale horizontal structures (8 km) in the atmosphere. Such an instrument must also be able to take advantage of solar and stellar occultations by the atmosphere in order to measure twilight and nighttime ozone profiles.
